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Summary 

(95-C,Me,)(qs-C,H,)Ti was prepared in 34% yield from a reaction between 
(~5-C~Me~)TiCl~ and K&&H, in THF solution, and in 31% yield from reduction of 
( $-Cs Me, )TiCl 3 in THF solution by magnesium metal in the presence of 
cyclooctatetraene. The latter synthesis could be extended to the synthesis of ($- 

C,H,)(#-C,H,)Ti in 38% yield. Reduction of (q5-C,Me,)TiCI, in THF solution by 
metallic magnesium in the presence of cycloheptatriene produced ( q5-C,Me,)( $- 
C,H,)Ti in 68% yield. The structure of ($-C,Me,)(q’-C,H,)Ti, at room tempera- 
ture, was examined. This compound crystallizes in the orthorhombic space group 
Pnma with unit cell constants, a 9.946(7), b 13.597(4), c 11.513(9) A and Qcalc) 
1.23 g cmA3 for 2 = 4. Full matrix least-squares refinement using 915 independent 
observed reflections resulted in a final R value of 0.032. The titanium atom is 
located on a crystallographic mirror plane which bisects the two aromatic rings. The 
eight membered ring is disordered into two orientations. The average Ti-C(v8) and 
Ti-C(q5) distances are 2.34(2) and 2,338(5) A, respectively. A low temperature 
(- 9O*C) X-ray diffraction study of (~~-C~Me~)~~7-C,H~)Ti resofved the disorder 
problem found for the C,H, analogue. ($-C,Me,)(q’-C,H?)Ti crystallizes in the 
orthorhombic space group Pnma with a 10.327(2), b 12.441(3), c 11.025(l) A (at 
-90 + 2OC) and D(calc) 1.29 g cme3 for Z = 4. A final R value of 0.048 was 
obtained from full matrix least-squares refinement based on 1143 independent 
observed reflections. The titanium atom resides on a crystallographic mirror plane 
which bisects the two aromatic rings. The Ti-C(g7) distances average 2.21(l) A, the 
Ti-C($) separations average 2.32(l) A, and the Cent($)-Ti-Cent(q’) angle is 
176.2”. 

~22-328X/8S/$O3.30 0 1985 Elsevier Sequoia S.A. 
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TABLE 1 

BOND DISTANCES (A) AND ANGLES (“) FOR (q’-CsMe,)( qR-C,H,)Ti (1) 

Ti-C(l)a 2.35(l) 
Ti-C(3)a 2.297(7) 
Ti-C(5)a 2.38(l) 
Ti-C(2)b 2.351(7) 
Ti-C(4)b 2.349(7) 
Ti-C(7) 2.338(3) 
Cent(a)-Ti 1.43 
Gent(3)-Ti 2.01’ 

Cent(a)-Ti-Cent(3) 179.1 

Ti-C(2)a 

Ti-C(4)a 

Ti-C(l)b 

Ti-C(3)b 

Ti-C(6) 

Ti-C(8) 

Cent(b)-Ti 

Cent(b)-Ti-Cent(3) 

2.331(7) 

2.326(7) 

2.341(6) 

2.325(7) 

2.333(4) 

2.343(3) 

1.46 

179.0 

- 

different orientations about the mirror plane, one with C(l)a and C(5)a on the 
mirror plane another with the mirror plane bisecting the C(l)b-C(l)b’ and 
C(4)b-C(4)b’ bonds. Much of the possible discussion on this structure has been 
eliminated by this disorder, but direct comparisons with similar structures can still 
be made. 

($-C,Me,)($-C,Hs)Ti (1) has a sandwich structure similar to its unsubstituted 
analogue ($-C,H,)($-C,H,)Ti [9]. The centroid($-Ti-centroid($) angle in 1 is 
179” for both C, ring orientations. Despite the larger size of the pentamethylcyclo- 
pentadienyl ligand, the average Ti-C($) distance (2.338(5) A) and Ti-Cent(q’) 

Fig. 1. Molecular structure and atom labelling scheme for ($-C,Me,)(#-C,Hs)Ti (1) with the nonhydro- 

gen atoms represented by their 50% probability ellipsoids for thermal motion. The CsHs orientation with 

two carbon atoms on the mirror plane is represented. 



-(’ ,I 1. ll‘i (21 

separation (2.01 A) are less than the corresponding ‘TLC, ring distances in ( II’- 
C,H,)( $-CgHX)Ti of 2.353 A and 2.030 A 191. respecti\sely. This perhaps reflects the 

electron-donating ability of the methyl groups and thus the electron rich nature of 
the C5Me, ligand. The five membered rin g in 1 exhibits a slight tilt with TI (‘( 11’) 
distances ranging from 2.3?3(4) for Ti- C(h) to 2.343(3) /-\ for Ti C‘\I;). ,Ilthough 
these distances are urthin 3, of being identical, a similar trend x4:1\ ~rb~Xved in 
( 17’-C?H~)irlx-CxI-I,)Ti. The fivemembered ring in 1 ih plnn;jr to \vithin 0.003 A. 

The two cyclooctatetraene orientationx in 1 ahow deviation\ in planarit> up to 0.1 
A. The Tik C(q’) distances average 2.34(Z) ,& and exhibit it large rangcx i’rtlm I!.llY7(7) 

to 2.3X(l) A, possibly due to the disorder problem. If the shortening of the Ti c‘( r~’ ) 
bond lengths in 1 compared t(r ( qi.-C5 H, )($-C, H, )Ti i\ significant. one’ might 
expect a corresponding increase in the 7‘i ~CI($) aeparstiow.. 4 ‘I i -(I( q“ ) average 
value of 2.323 A was observed in (v’-CqH5)( $-CxH,)Ti Other Ti C(T)‘) bclnd 
lengths include the 2.350(S) A found in [($-C,H,)Ti],( qJ.rlJ-C_‘sFi, 1 [lo]. the 
2.290(4) A observed for (17~-C,H~)Ti[(CzH,);C’,B,~1,] [l I]. anti a Ti -Ci ‘1% I value of 
2.32(2) A reported for t, q’-C‘8 F-I, )( qJ-C‘,H, jTi [IZ]. 

By collecting data on complex 2 at low temperature. 90°C. the disorder 
problem observed in 1 was avoided. The motecular structure and atom lahelling 
scheme for 2 are given in Fig. 2, bond distances and angles arc given in ‘Tab. 2. 
Again the titanium atom resides on a crystallographic mirror plane which bisects 
both aromatic rings. (Compounds 1 and 2 are nearly isostructural as can he seen h? 
their coordinates in Tab. 4 and 5.) The carbon atom of the five membered ring 
(C(5)) and of the seven membered ring (C(1)) on the mirror arc terra to one another. 
This situation is oppostte to the conformation found for C?;‘-(‘,H.. )( T-‘-C‘ -1-I: ) I‘i IX] 
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TABLE 2 

BOND DISTANCES (A) AND ANGLES (“) FOR (q5-C,Me,)(q’-C,H,)Ti (2) u 

Ti-C(1) 

Ti-C(3) 

Ti-C(5) 

Ti-C(7) 

C(2)-C(3) 
C(4)-C(4)’ 

C(5)-C(8) 

C(6)-C(9) 
C(7)-C(7) 

Cent(Z)-Ti 

2.195(5) 

2.211(3) 
2.315(4) 

2.335(2) 

1.421(5) 
1.449(7) 

1.499(6) 

1.506(4) 

1.433(5) 

1.98 

Ti-C(2) 

Ti-C(4) 

Ti-C(6) 

C(l)-C(2) 

C(3)-C(4) 
C(5)-C(6) 

C(6)-C(7) 
C(7)-C(10) 

Cent(l)-Ti 

2.205(3) 

2.218(3) 

2.319(3) 

1.419(4) 

1.397(5) 

1.417(4) 

1.426(4) 

1.491(4) 

1.49 

C(l)-C(2)-C(3) 128.2(3) C(2)-C(l)-C(2)’ 128.6(6) 
C(2)-C(3)-C(4) 129.4(3) C(3)-C(4)-C(4)’ 128.1(2) 
C(6)-C(5)-C(8) 125.7(2) C(5)-C(6)-C(7) 108.0(2) 
C(5)-C(6)-C(9) 126.2(3) C(7)-C(6)-C(9) 125.7(2) 
C(6)-C(5)-C(6) 108.5(4) C(6)-C(7)-C(10) 126.7(2) 
C(6)-C(7)-C(7) 107.7(2) C(7)‘-C(7)-C(10) 125.5(2) 
Cent(l)-Ti-Cent(Z) 176.2 

(1 Primed atoms are related to those in Tab. 5 by the crystallographic mirror plane. 

and ($-C,H,)(q’-C,H,)V [13] in which the carbon atoms on the mirror were 
eclipsed. 

The relative strength of the Ti-C,H, interaction has previously been observed in 
($-C,H,)(q’-C7H7)Ti [8], and ($-CsHg)Ti(q7-C,H6PPh,)Mo(CO), . C,H,CH, 
[14] where short Ti-C(q’) separations of 2.194 and 2.203 A were found. In 
(q’-C,H,)(q’-C,H,)V a larger average V-C(d) bond length of 2.25 A was observed 
[13] despite the 0.1 A difference in the metallic radius of titanium versus vanadium. 
These experimental results and the crystal structure of ($-C,H,)(7;‘-C7H7)Cr [16] 
are in accord with theoretical calculations that indicate the M-C,H, bond strength 
decreases in the order Ti, V, Cr [16]. 

The new electronic and steric environment created by the C,Me, moiety in 2 does 
not greatly affect the overall structure. The pentamethylcyclopentadienyl ligand in 2 
is tilted slightly, Ti-C($) range; 2.315(4) for C(5) to 2.334(2) A for C(7)) as 
observed in 1 and both of the unsubstituted sandwich compound analogues. The 
average Ti-C(q’) separation of 2.32(l) in 2 is identical to the 2.321 A found for 
(q5-C,H,)(q’-C,H,)Ti [8]. The Ti-C(q’) bond lengths in 2 (2.21(l) A) are only 
slightly larger than the 2.194 A found in the unsubstituted analogue, again perhaps 
due to the introduction of the electron-rich pentamethylcyclopentadienyl. A similar 
cooperative effect was found in (qS-C5H5)Ti(n7-C7H,PPh2)Mo(C0)5. C,H,CH, 
[14], where the Ti-C($) bond lengths (2.305 A) were shorter and the Ti-C(n’) 
separation (2.203 A) longer than in (q5-C,H5)(q7-C,H,)Ti. 

In compound 2 the five-membered ring is planar to within 0.004 A, the seven- 
membered ring to within 0.007 A. The cent($-Ti-cent(n7) angle is 176.2” similar 
to the 177.8” value observed in (qs-C,H,)(rj’-C,H,)Ti [8]. 

One other interesting point regarding the structure of 1 and 2 involves the 
deviations of the ring substituents from the plane defined by the ring atoms. The 
bending of ring substituents out of the carbon plane has been attributed to T 



interactions and a reorientation of the ring for better metal o\,erlap [17]. The results 
indicated a bending toward the metal for C,,H,, where )I ,> 5 ;tnti ;LU;I\ from the 
metal for II < 5. Theoretical calculation.\ on ;t Pi( qX-(‘IH, ] fragment hn\c \.ieldetl ,rn 
optimal bending angle of Ii“ toward the metal for the rin g hvdrngen.s [IT]. Ikspirc ;t 
rather large range. the C, hydrogen atoms in 1 bend ;~n ;IverHgt: 01 I>” OLIN of the C‘s 

plane toward the titanium. An svcragc of !!)” was found for c,imp!cs 2. Tht: methyl 

groups have much smaller deviations and they bend a~+ from thi mt‘t;tl. 3 991 1 
and 1” in 2. These result!, and the hck of any great steric interJctton>. cl. indic:ited 
in the bond lengths anti an@?>. \~ould seem to agree \vitl: ~hc i~i:‘;i ;h;~t the cros>o\cr 
point between deviations to\vard and awa? from the metal occurs ,it (‘,< H, . EZ ~- 5. 
The bending of the ring suhstitucntz c:m be seen in ‘I siti‘> \icu t)t’ 2 przbented in Fig. 
3. In both 1 and 2. two hvdrcqcnq of each meth>sl gronp ilrt’ ifiro_?etf 10~ 3rd the 
metal and one hvdrogen i\ directed it~\a\. 

Experimental section 

All reactions and manipulations were conducted under ;l prcpurified argcln 
atmosphere using Schlenk techniques. Gases and solvents were purified ;is dcacrihrd 
previously [18]. ( _rl’-C, H, )TiC’l 1 [19] and ( $-CiMe, JTiC.1: [‘(I] \vr’rc prepared h> 
literature methods. Microanalqsea were performed b?- the Microanalytical I~hor~9- 

tory, Office of Research Services. Umversity of Massachusetts. Amherst. MA OIOO_~. 
‘H NMR spectra were recorded on a Varian A-60 spectrometer ,9r1rt ;trt’ rcfcrenceci 
to external tetramethylsilanr. 
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(~5-Pentamethylcycloperztadienyl)(qx-cyclooctatetruene)titanium (I) 

Method A. To ($-&Me,)TiCl, (3.71 g, 12.8 mmol) in 200 ml of THF was 
added dropwise, with stirring, a solution of K&H, (15.3 mmol) in THF over a 30 
min period. Following the addition, the reaction mixture was stirred at room 
temperature for 90 min, then heated to reflux for 15 min. The solvent was removed 
under reduced pressure, and the residue was sublimed at 12O”C/O.2 Torr to give the 
product as green crystals (1.21 g, 34%). Anal. Found: C, 75.54; H, 7.93. C1XH23Ti 
calcd.: C, 75.26; H, 8.07%. 

Method B. A solution of ($-C,Mes)TiC13 (1.1 g, 3.8 mmol) in 35 ml of THF 
was added dropwise with stirring to a solution of cyclooctatetraene (1.12 g, 10.7 
mmol) in 30 ml of THF and magnesium turnings (0.41 g, 16.5 mmol) over a period 
of 45 min. After 24 h at room temperature. the solvent was removed under reduced 
pressure, and the residue was sublimed at 100”C/10~3 Torr (0.33 g, 31%). 

The procedure was identical to Method B as described above, employing 
cyclooctatetraene (1.48 g, 14.3 mmol) in 15 ml of THF, magnesium turnings (0.53 g, 
22.7 mmol), and ($-C,H,)TiCl, (1.20 g, 5.47 mmol) in 100 ml of THF. The product 
was obtained as green crystals by vacuum sublimation (0.45 g, 38%). 

(~5-Pentamethyl~yclopentadienyl)(~7-cycloheptatrienyl~titanium (2) 
($-C,Me,)TiCl, (5.68 g, 19.6 mmol) in 80 ml THF was added dropwise with 

stirring to cycloheptatriene (3.0 ml, 29.0 mmol) in 25 ml of THF and magnesium 
turnings (1.9 g, 78 mmol) over a period of 1 h. The reaction mixture was stirred at 
room temperature for 24 h, after which time the solvent was removed under reduced 
pressure. Sublimation of the dark residue at 125°C/10~4 Torr gave the product as 
azure crystals (3.66 g, 68%). Anal. Found: C, 74.34; H, 8.12; Ti, 17.2. C,,Hz,Ti 
calcd.: C, 74.45; H, 8.09; Ti, 17.47%. 

X-ray duta collection, structure determination, and refinement for (q’-C5 Me,)($ 

GH,)Ti (1) 
Single crystals of the air sensitive compound were sealed under N, in thin walled 

glass capillaries. Final lattice parameters as determined from a least-squares refine- 
ment of ((sine)/X)2 values for 25 reflections (0 > 19O) accurately centered on the 
diffractometer are given in Tab. 3. The space group was determined to be either 
centric, Pnma or acentric, Pn2,a by the systematic absences. The correct choice, as 
discussed below, was determined to be the centrosymmetric Prima. 

Data were collected on an Enraf-Nonius CAD-4 diffractometer by the 8-28 scan 
technique. A summary of data collection parameters is given in Tab. 3. The 
intensities were corrected for Lorentz and polarization effects, but not for absorp- 
tion (p 5.58 cm-‘). 

Calculations were carried out with the SHELX system of computer programs. 
Neutral atom scattering factors for Ti, C and H were taken from reference [21] and 
the scattering from titanium was corrected for the real and imaginary components of 
anomalous dispersion [21]. 

The position of the titanium atom was revealed by the inspection of a Patterson 
map to be either on a mirror plane in Pnma or a general position in Pn2,a. 
Statistical methods indicated that the space group was centrosymmetric and Pnma 



was therefore taken as the initial choice. A difference Fourier- map phased on the 
titanium atom position readily rc\‘ealcd the unique carho~l ;ttomx c,f tkc pcnt:lmrth- 

ylcyclopentadienyl ligand. Th e cyclooctatetraene nioiet> 1% ax i‘,)und to be discvdered 

about the mirror in two orientations. OIX with two carbon atom\ <I!’ the rung on the 

mirror and another with the mirror bisecting two of the (‘- <- Honda. Least-~quarc.s 
refinement with isotropic thermal parameters led to ii -= L /I i’, : / k: ii,‘\ / F, / r 

0.1 12. Because of the disorder problem, a detailed investigation t>f the acentric space 
group Ptf31(z was carried iwt. High cc~rrelatinna hetxeen .tt0mz rzlatc~~ h\ the 
mirror. a higher K valut~. ‘lnd the continued presence ~)f the diwrder in the i’,fl, 
ring, indicated the correct space group to be the ~viginal ch&ce 01’ I’)rrrr~. The 
hydrogen atoms of the C, H, ring were placed at calculated posittons 0.95 :Z from 
the bonded carbon atom. The methyl hydrogen atoms u’erc located \\ith the aid of a 
difference Fourier map. Hydrogen positional parameters ~vcre wt’ineti for ;I fc~\ 
least-squares cycles of refinement. Refinement of’ thcb llonh~drogen :ltc>m> LZ.illl 

anisotropic temperature factors led to final values of R O,O?Ii. and ./( ,, il.ii33. .A final 
difference Fourier showed no feature greater than 0.3 e /,A‘. I‘hc bciphting scheme 
was based on unit weights: t-w systematic variation of K‘( / F~, / kt_:$ /,I or- isin 1, A 
was noted. The final values of the positional parameter> are giwn in ‘rah A (311. 
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TABLE 4 

FINAL FRACTIONAL COORDINATES FOR (q5-C,Me,)($-CsH,)Ti (1) a 

Atom x/a y/b z/c 

Ti 

C(l)a 
C(2)a 
C(3)a 
C(4)a 
C(5)a 
C(l)b 
C(2)b 
C(3)b 
C(4)b 
C(6) 

C(7) 
C(8) 
C(9) 
C(10) 
C(11) 
H(l)a[C(l)al 
W%lC(W4 
W)4W)4 
WWC(Q-4 
WWW4 
Wl)blC(l)bl 
W)blW)bl 
WWlWbl 
W‘WlC(4)bl 
H(6)[C(9)1 
H(7)[C(9)1 
H(8)[WO)I 
H(9)[C(lO)l 
H(lOXC(1O)l 
H(ll)[C(ll)l 
H(l2)[C(l I)1 
H(l3)[C(ll)l 

0.35940(8) 
0.306(l) 
0.3547(9) 
0.4567(7) 
0.5546(6) 
0.597(l) 
0.3283(S) 
0.4041(7) 
0.5099(6) 
0.5838(6) 
0.1349(4) 
0.1962(3) 
0.2954(3) 
0.0185(S) 
0.1602(4) 
0.3789(4) 
0.241 
0.290 
0.450 
0.595 
0.658 
0.249 
0.367 
0.526 
0.648 
0.072 
0.022 
0.114 
0.100 
0.228 
0.338 
0.387 
0.454 

0.7500 0.52080(7) 
0.7500 0.7198(8) 
0.6552(6) 0.6894(6) 
0.6198(5) 0.6161(6) 
0.6577(7) 0.5431(6) 
0.7500 0.495(l) 
0.6973(5) 0.7125(5) 
0.6257(5) 0.6575(5) 
0.6284(5) 0.5780(6) 
0.6964(6) 0.5170(7) 
0.7500 0.4621(3) 
0.6655(2) 0.4140(2) 
0.6979(2) 0.3349(2) 
0.7500 0.5444(5) 
0.5602(3) 0.4368(3) 
0.6329(3) 0.2583(3) 
0.750 0.758 
0.608 0.718 
0.556 0.613 
0.614 0.490 
0.750 0.414 
0.670 0.754 
0.557 0.667 
0.565 0.547 
0.678 0.468 
0.750 0.513 
0.692 0.589 
0.561 0.506 
0.534 0.387 
0.512 0.434 
0.631 0.183 
0.568 0.284 
0.661 0.242 

D a, b atoms correspond to the disordered CsHs l&and. The disorder is 50%/50%. 

tion. A preliminary data set on 2 was collected at room temperature. The C,H, ring 
was found to be disordered. In order to resolve the disorder problem for this 
compound data were recollected at -90°C. Final lattice parameters as determined 
from a least-squares refinement of ((sin0/x)2 values for 2.5 reflections (0 > 15”) 
accurately centered on a Nicolet P3/F diffractometer are given in Tab. 3. Again the 
systematic absences indicated the space group to be either Pnma or Pn2,a. This 
time solution and refinement of the structure in the centric Pnma with no disorder 
indicated this space group to be the correct choice. 

Data were collected on a Nicolet diffractometer by the w scan technique at 
- 90°C. A summary of data collection parameters is given in Tab. 3. The intensities 
were corrected for Lorentz and polarization effects, and for absorption. 

Calculations were carried out with the SHELX systems of computer programs. 
Neutral atom scattering factors for Ti, C and H were taken from ref. 21 and the 



FINAL FRACTIOiV4L COORDINATES FOR (?1Z-Ci.~e~)fr17-C-H- JTI (2, 

Tl 

(‘(1) 
C( 2) 

c‘(3) 

C‘(4) 

c’(5) 

C’(6) 

(‘(7) 

C‘(X) 

09) 

c‘( 10) 

W 1 ,lC( 1 )I 
HC)[C(?)] 

H(?)[CCi)] 

11(4)IC(4)] 

Fi(5)[C(8)] 

H(~)[CMJI 

H(7)[C(9)1 

H(X)[C(9)1 

H(9)iC‘(‘))] 

Hclt~)[C(lo)] 

H( 1 1 ,[C( IO)] 

Hc12)[c’(lo,] 

scattering was corrected for the real and imaginary components c~f anomalous 
dispersion [2 I ]. 

The position of the titanium atom was revealed by the inspection of a Patterson 
map. A difference Fourier map phased on the titanium atonl readily revealed the 
positions of the non-hydrogen atoms. Least-squares refinement ivith rsotropic ther,- 
ma1 parameters led to R -= L (1 1";, j -- j F, /l/E 1 1F, j -= 0.093. The h>drogcn atom4 \xerc 
located with the aid of a difference Fourier map and their pcGtiona1 pnramcter~ 
were varied for several least-quares refinement qcles. Refinemen{ of the non-h\;- 
drogen atoms with anisotropic temperature factors led to final ~.alur.:h of /< O.CMt; and 
R,, 0.083. A final difference Fourier showed no feature greater than ii.3 < A’. l-he 
weighting scheme was based on [(l,/‘a’I;T,) 4 (1;()1_)‘)] Lvhere 1) il.01 i: n\: h\stem,~tic 
variation of M‘( / 6, / - / FL 1) i’s, i 6, / or (G&)/X wa\ noted. ‘The 1‘1nal values c)f the 
positional parameters are given in Tab. 5 1221. 
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Supplementary Material 
Tables of thermal parameters, best planes results and calculated and observed 

structure factors for 1 and 2 and bond distances and angles for 1 are available. See 
NAPS document No. 04325 for 14 pages of supplementary material which may be 
ordered from NAPS c/o Microfiche Publications, P.O. Box 3513, Grand Central 
Station, New York, NY 10163. Remit in advance in U.S. funds only $7.75 for 
photocopies or $4.00 for microfiche. Outside the U.S. and Canada, add postage of 
$4.50 for the first 20 pages and $1.00 for each 10 pages of material thereafter. $1.50 

for microfiche postage. 
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